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(2) 

1 

(a) jBH«3t/Ht'J7^^-WT, 
3tt&ft#jStt©*3i*r£JgP*-r5Xg ; £©XgT 

(b) «Mt*6«*«&»l«rr53jB; 

(c) MBxs (b) Tr»«an&«*«*»«rr*x 10 

S; 

(d) »*anfc*£*s»iM-sxe ; 

(e) WlffiX© (d) Tf»fc««k:»**ftlAT, 

(f) #*rr««effiiHffli*4MB"r5njB. 

[»*J5 2] SugEXS (b) ft«£fta«ifS*JWHfc: 
*a t*te*jfi-ra z. t£¥tmt-?z>mxm 1 tcfB«© 

a^o. ttriBxe (b) s^pafcgarrs 20 
ht^mim 1 tcfE«©?m 

tiirrxs&a^UTfc**** 1 ic§e«©#&. 

[»#B6] flMBIfi(d), (e), *«t«( f )*»94 

[»*«7i tfriBxe (f) T?#&«tts«ttu & 

[»*JH8] WIBXe (b) T»g|LfcSa£«iBg 

So 

[tf#B9] t«BX& (c) ®»**»2 0~1 0 0 g 
ft©#ft. 

mm, 

n* c t swai-rsawwi 1 ciE*©?m 

(b) iway— 9— ■ ns^— ©APfcJMisn. 3t 50 
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2 

(D) iJJRStlfc«*S*-5j?^-^-OtC5KBffi 
[fll^tSI 1 3] • 

O2 *3<J;t;02 ©j»A**8fc-r-5fc»©9'r->'$ r £* 

[f*fli7] mmft/W'*v7v#-i>t, a sic, 

C0 2 «Si&af i « : S*"rsC0 2 «AWt. ftMBSSS/'W -7 
£ffl^TMia*^e#-#*-*-©jg^#x£*A 

a*eT & -3 tup a # x s m e«n tcsffi at 

t. i«IB«ft©#X&EiirtS^I£i:, iWIEitaiAM 7 

rtfca|A^n^^x©ff^*isi^-rs¥g, tzm%-T 

Vi«clt**«fr«||*JHl 6tCfB*©^AW^U7 

[oooi] *mmt, «#»afc»»*s*fc3e^« 
frTS«b©T»s. 

[0002] *5gBj}j$ > e,($5tn:Kftffl©^Sicjiffls 
n^t>©T, soDasKMsnsx-A- 

fflans. 
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( 

3 

[0 0 0 3] X-At— tf^P-^XA*-- tffctS^fc 

ODA«»^nT^5 :-Cu/ZnlSOD; 
(eucaryote) (cA<^,Sn?> ; i©l©SODOfiiiW 

•So * 

CV + 0 2 " + 2H - 
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4 

* [0 0 0 4] -MnlSOD ; 5 bn> F U 7©ttifiT 
KS*»fc^e,n«t*tC, mm*£®) (procaryote) tc 

nsnso 

[0 0 0 5] -FelSOD;ISm 0J;UilffMtt 

[0006] sod^cds:jscs<x-/i-^v-f 

> H 2 0 2 + Q 2 



soT>\$x-n-ttisFy~jx}i*m.mtz> 10%. [ooos] *sg 



[0 0 0 7] {fc«^^tC*5ltSSOD©flJffl«#lCF 
R -A-2, 297, 899tCtS«5tlTI/i«.o * 
6. 14 C0 2 + 3. 65 H2 0 + NEb 



© & <S> * S )!£-&/&l4©«£% iCjIffl S tlS 1> CD "C & S « 
"v>«» (blue alga) " 

[0 0 0 9] KSmt, *»X^J^t±§rS«f 

©^tci:«9*-f : 
-> Co mHio 3O2 hN + 6.85 Oz 



[0 0 10] 1987^10^ 2 9 WS©*H1SA©FR -A- 
2,621, 323iCt4, 7t^(gtt»Sftl5WC*OfIT 

/HtU79^-T*l9, £©U7^-te, Rlfa©l 

-KDmvmmmm&mwr&tmz, Hfriaa©*.^*^ 

h, ««tf>©co 2 j±*siy:o 2 EE) i5<±0^*fgilfi (nu 
trient medium) ©»J&£fWfrrS£5 (CfSffSnT^ 

•So 

[0 0 11] Z\(D<kot3:K/U-*V7>7?-\Z. 

[c, ^*t)^-&*-rs^#«ifl^«s-rs^jatt©v 

i, • l/ir^-©tUPtcS^n^^(Ci2> 
£fj*#igffl^ 6 P&irT S »*a-< ^- U 7 9 $ - 

[0012] ^-^^-^-ti, co.tcM-r^.^^ 

6*ffiicW[*K»-r»*t'ra. tot, co 2 m* 
»©*j&£ mm.-? s 779 ^-Ttt^c^o 
[0013] ft^mmmw j $>pHm<D£5te®<Dmm4k 

§garf s. 

[0 0 14] FR-A-2,621,323tCtt, ft&l&tZ £ D m 



\z. mz. vrw-ttAft \zm*\zmw-$%±.-znm 

ft) t^T^So K*tt^^.a©»^%tci 
■^T^rstrsso 

[0 0 15] _hfH7 5>X#ffF©*^tCSb, *5!HJ# 

-rtxts. l fc^^^ici 5.taBifc»j©a^^iiin-r 

tit 3t-&^tta*»«C©j;-5^Kft*frtMmLT 

[0016] sp*,, *sg^(i*i^t:M**ab«m-r5 

#&£flftfSfc©T, ^©^fttttt h'©«X^6^ 
S : 

(a) ^mmytJUJ-VTZf-fH-e, m^mizmm 
\t. y£&mz&vu£m^f&-?z>Mmte®>R2n. m 

itSffiA^n^. (micro-alga 
40 e) t ->7 7 A*? r 'J 7 S,*:?. i^JH^ f.I(in 

So 

[0017] (b) mi&frzmtw&ftM-rzxnc 
[oois] (c) ig(b) -vftM-znrm^®*® 

[0019] (d) it«sn&a^tism#-rsxs. 

[0 0 2 0] (e) II (d) Tmc®m\zmM%t\\7L 

(f) #«-rs^ffii:eiffit^Bi-rsxeo 

50 [0 0 2 1] JfiKtt. ^*^©i^*©ffaA«ffi* 
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(4) 

5 

[0022] m^nzfcmm\z$ktzz>2'i7<D-h(D 

[0 0 2 3] *»ffl)J«l«Snsft4«[l4, ^»CDfee, 

ffifc. Uv^A ■ ^X^Attorphyridium 

cruentum) ©<£ 5 &iMg*gTafc D , ^tl«Sfbtt©*:fr 

[0 0 2 4] £©S OD tt#^S;$t** 20,000© 2 13© ^ 
^X=yh#6aD, *n&H*##*r&fcJ;D*fr& 
LT^S. i© ! fo©tt s F^4. 2 ©3£*j&££-£"5. 

[0 0 2 5] sJU^ US?£A • 9)V^>9A (Porphy 
ridium cruentum) (3, Siftlml^D¥^l 0~2 
0U (NBT -nitroblue tetrazolium- fc«fc*»*rJC* 
<) OSOD^flctS (lml ©ig*Wif§lmg© 

»aia©^t» car, ms) ^unrrs) . 

[0 0 2 6] i$)Vyj Ui^A • ^;VX>^A(Porphyr 
idium cruentum) tt, t*^S>C©S*S:pItl 
fcT5. BP'S, EOlMBBttl kgSC 5~7^5A© a? 

[0 0 2 7] CLOlMfiHfcrHiTH:, "f)^-75; 
-P-yu>" 3RftW«IS*»#WfcSKiLTV»*. £©S 
KKWfleftim (7^mfuynx-f» ^±ESOD 

[0 0 2 8] Zli-UCMU AVh3«y*X ■ tTOHfTU 
X(Haematococcus pluvial is) (D<i:5f£MWM9-1~?(D 

A©jg«©7^7T- f37in-Jk (tf^5>E) t 50 
0. 5~1 ^5A©gffi©#>V • Fa7xD-Mt 

[0029] z.<DM<D&mm\z&\,*T\$. vno/ 

[0 0 3 0] *5SWtS<Saft3H©*KKJ8 : *^«i:* 

is (b) tt^Fftcfftons. 40 

[0 0 3 1] IC, S»^«D£*fc£-3T»*>ff*& 
t^ttfttfBftiiffitJQJ (exponential growth p 
hase) (W6, /Sfi*#**©*#) T$> 

So 

[0 0 3 2] TFJgiRWt, SP£, "/Ty^"*stT?«Mia 

ts^cii m»ii»»«««©»«fcSB-rSo r 
[0033] si)i«e9fc*«-r*«^ttt, m^mzmm 
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BjS**S (1 BSD 0. 2-10) . 

[0 0 3 4] 54)"(»Taitfc, «**»© 

«»«fc*fUT, «Hga©Ki®3attSiiiID$'&«.^ttCj; 

[0035] ±tB5!iai4. «aa©«««&*»mKto& 

D 4 0~5 O'ClCftH^-rS^.t. XH fl>YlTu© 
BSMSS-f ZZ.£frt>teZ>. 1 0kgray©©a 

(c i 0 , «Jt©if»MtfffigttKft 2 o %~ l o o 

[0036] «tt:SAe«£««^Hrr«njB (to tan 

iwit(c)~ (f) \z&,*~cmi& (zammtm 

So 

[0 0 3 7] #fcSOD©«-&tCtt, »*©¥#JJLL« 

^ ©*«&:* fras»«s«rrnK, 

ffl£fflfflT-5©#8i!n!»* 
[0 0 3 8] ®L$Lm*mm-?z>z.t era (o > «, 

M^Dtt»fc2 0~1 OOgTM. 
[0 0 3 9] «^*S«S3«, -r-<T© 

n, »HWt«ffiOTLTS(t5. 

[0040] is (e) T°mm-tz>im<Dmmx\mm. 
©««©E£»tt, ttfu-r^«iuMmiicfk#r«. w 

fc, SOD*54;C;t:^5>C[i*»'[4-rSS^5,^©tt 
tHK*«p«^T?fftona©fc»L> h3 7xa-^MJB 
*ttT**3j»6*©«imtt7-fe h> • 9< ^L<»* 

tfrffton^o 

[0041] H-a*>6au«snfcjii«tt©st*{fcS9t 

[0042] ffl&^sn-rsxe (f ) hu *tt^«*ffi 
\t3-zHDm\zftmtz>zt&Bmtvx^z>. bps, * 

' ©ffi»«iei33i^* K ± D XBIRft* 9 A f*IT© 
[0 0 4 3] ifJKlt «&#Xgt^««JUXgiffi 

^«ixe (f) <ttt^4t:T*}i$nSo 

[0 0 4 4] 16 (f) T#S«ffi 

t7Xffiffi. *5J;^, (b) 
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(5) 

7 

[0045] z.(DMm%. mft-mm\z£<o. %>&z$/$i 

[0046] mmttftiv<u4x;-v$m-$n. m$&v> 
[0047] *mw\$. mfcm&izmmzttfcyt 

(a) ±mmzitiLxmw~c, ^o'p^m^m^mm 
(b> • w-fe^-cDAPt«^n. 

(C) 3t-&js3£t:J:0«^»3^*«Lfci6*©nH^^ 

(D) JDailsnfc»***-^-^-oi^«tWffi 

[0 0 4 8] **03fr&J«e»£*S-r*ifca&, y-9 a? 

[0 0 4 9] *S§BJ«ffiCO#®^flJ^^ gs#0B£# 
[0 0 5 0] 

HT?*o. H2ii, »iia*^K-r^fcse)o vty^" 

[0 0 5 1] 01 tc^T <£ 3 lc. #;H7>r u 5>#A ■ if 
;i/X>^A(Porphyridium cruentum) ©ig^#rl 

[0 0 5 2] Si© p HIMfiCMfiSlCT 6 * 

5 8fc**;*n, ^#©tt*&ti-Kft^*©^TfT^n 

[0 0 5 3] «WS©JS*tt*Hfct>fcoTfffcn. * 

ant i u y yy&oi&Mwmm&^mT 

[0054] £\nz<Dmmm®*m\zaf&mw&#TT 
frt>n*t«fc, tftKfcfflsaaf 50 
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a»i 2«n#&i 8enj8fttfT. »ai»©itsc 

*S5tiW (exponential growth phase) tCfTt?tlS„ 
[0 0 5 5] :tU7?jr— fr&ttDUUfcJMtt 

}#Lfc**S4 \z i o»j5»6 2 o^wxn*. coiniii 

[0 0 5 6] #Sa#^6T*L-fe±5(C, ^CtCig^l 
£2 0 0 L/h/m 2 M«©«fiT[sIte7^ 7 T« 

IU «a*6**«S^llfrs. ^©XiflfJlm 3 / 

h ©Sf fi-eio, ooo g ooo g ^aafSi^ftsi-efr 

(MSI4NBTC±*) L&*SflH£ 
Sti 1 0 U/m 1)5^30 U/m 1 TafeS. 

[0 0 5 7] SODttlttSfc*fc«»T*0, *fc#flg 
#-$§■ 8 T^Lfc ± 5 tC10,000^;l/ h >©§6»|£JE^fc 

[0 0 5 8] CO±5fc««Lfcat«9tt#«H#*l 0 

[0 0 5 9] «*gXg8:fc c fcEfliSfXgl 0ISKl4 < CT 

[0 0 6 0] 6 •?# sntaf ftSI*ei)!:ft«ISt 

( 5 0 mM, p H 7.8) tf»T?, 1 2 T^-f 

«t5fc«»L&««e*fiSn. 14TfiSWCSLfe 

e-txfcslSjS i 5 i:^t«tt^®a&tt£JKMfe2 o g 

/1~1 0 0 g/lT&£. 

[0 0 6 1] !&*§?81 5«, 2X10VW*;!/ 
-5X1 ov?x*;i'©ffi*TfPlh"rsv>r-> • rf— 

U > (Manton-Gaulin) ICATV^ti't'f if — F*9T? 
4V.X°mM-£tl%. roigcgwtt ^H^S^SS 

-r&ztx&Zo 

[0 0 6 2] 1 4X&1£$JI7J UvW ■ i/Jl/X>^ 
A(Porphyridium cruentum) ©Wia^6/S;-5MiS^lcM 
U ttfettXttttttilll Aatfi> Xtt, 

h 3 7z n-;i/©«t 3 fciB*tt©fflaMfcai t tf* 5 > c 
T*. 

[0 0 6 3] £©**SMa#J!8*^l 6-t^Ufco ^ 
HJ 1 7 ttWBB»iK^©»«0*A**-r. £©?§«» 

#J$#^1 9T*Lfc<, 
[0 0 6 4] #j)B#4»l 8T*Ufei5l:, MAttWK 
1 9 tS^fcVA35-09-566M h >#SfB;t;fc3MS!3&&> 
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(6) 
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\Z, S OD t h"^ 3 >C 

iD-^&^tnifttt^^SS. #HS#*§2 lti 
#*«t©0JKfc#JSU <M8»^ 2 3 »i«ltt*S«OllJK 

[0 0 6 5] Hfl *Ct£, 6T»gS§t£#fSi 

[0 0 6 6] M<bftmi 8 0»*tL.T2 5r#sn5 
[0 0 6 7] 8 21:11 JftlMb?WS^S-r-6«il*Xtt 

[0 0 6 8] £©gMSDm-Y t , J7?^-2HV-7 
-■ l/t^-3 0SM, C©V— 9— • Hr7°^- 
3 0K#UX^k>©j;ei^aH^^nJ^tt^X5 1 ^f 
«»T0^^tlfc¥fT^/K^3 2fe*U U£®t* 

«f SHIRTS. tf')-7n\Z]s>&<Dnisi?j?—3 4&& 

■i -?fs> zmwu 7^i.mmmwrz>o&«iffiiz-rz> 

fc©T&£„ 

[0 0 6 9] Z\<DV-y- • OlSfiSM» 

[0 0 7 0] £©y— 9— • Hr^-©*ISa:fP»© 
PiJBfc^TH ta^L/fcFR-A-2,621,323S#flg-r 

[0 0 7 1] "run" Off CDJgifc'\<D 

COiOMIt lA*S4 0SiMTy-7--l/t 
y^-3 0©AP^iKSnfe*-^-^-3 8tJ; 50 

Dffton*. if 4 0l:ti )E;HtU7^^-4ftl; 

[0 0 7 2] *-#^-3 8 [JflOfefflT, 
©j£Sfc^6fTfc>n5 0 

[0073] yt/u*v7t>5>-\zmzmmm<D±&iz 

TS, #«4 0 fc$j>feUTS8tf-ft*A 

A£fMfflT3fc&©#4 7 £«;tTH5. 

[0074] y-5- ■ om?ra, :ft"&J& 

0©miX iDPKian V99—3 4£4;tf3 6©tfj 

ntau!t^-j';H^4 8H, y-9- • nry>- 
£©#x«, y-9- • w-fe:7*-3 ooSbfciWMf* 

[0 0 7 5] COKi^Xli3l/?^-5 OF^tClRAS 50 



M¥4-2 113 6 6 

io 

ft. SfC^-C««4 9S^LTft-^-^-3 8p«gfcS 
&A£ft£„ «*#X©U1M*;M;i#--#*--*-3 
8 ©jSSBtefr fens. 

[0 0 7 6] ^-tf^-^-ftTBttteigift^lCfillgJS 

-^-^-©ianctercii^©^^^- - yu- 

[0 0 7 7] 3 8rt^©C0 2 ©#t*&tt 

^LT*f5 2|*Ifc3|*A3ft5. 
[0 0 7 8] ^©«©fflPtC««A*W5 4tfigttT& 
0, '©if B*-^-^-3 8©WI»/H7°5 

6 fcaii8UT$-5. ^©n-fy5 6IJA-#^- ^— © 

-^-AfflSilffllAH, y— 9- - Is-frJP—tDT 
mm^V??-3 6©fflPKKttJt*A#flf6 0^L 

[0 0 7 9] jKIS^5X5 8 tCj;D*-#^-^-3 8 
rtfc*A3ftfc£ftiCOii:©S£*rH:, J&Jfi + K:» 

(Dmmzmmvitjjxtf.m&mmtttm'gG 2 iz&v® 

iR£ft. «5 2MzHZtmA2tlZ. 

[0 0 8 0] ^©«5 2f*J©jffX«fcfX h>5t©gfS6 
4tit)EiSn, if5 4if»;H^5 6t^L 
T#— 3 8F*3tCffaA3ft5. 

[0 0 8 1] -©SWcffaA 3 n-5£© 

[0 0 8 2] « 5 2 fcB£E;*j»BS 6 6 «t»tj"T* 0 . 

•€-©j±* i^;na o . i x i o 5 nxtDva* 50.5x1 

0 5 n7,tiMzmm LTS-S. 

[0083] z.omwut&M&MfmmT'SfcTz c t 

[0 0 8 4] !|*»Jia»*frTfc*VsTtt, #Xffil*l© 
HaS©fiJ^K, #IMMf5 3©APfciSlrvr, 2 1§« 

[0 0 8 5] *-#*-^-3 8©fflPXIiV-5- ■ 
l/t7^-3 0API:fe^Tli HI'S, 9IW4 0^tC* 

Ctlli, # — ^— PMZ 6 0 Sa^TBISf&TSJgifi 

ye&m\z&2>mmmm\z#i%\z'gh-(!^z>z\L\zm 

[0086] y— 7- ■ k-fey^— ©tiiPiCi5^T(i. 
BPS. A°-> s A-ry4 8ftfc*tiTtt, tfXt^l^i 

7 5*«;K©»*s-fr#T*. u-ot. mmzm&tbz 

Z\£\z£QV—7- ■ V±Tf9— 3 OF*3T^S«7 0$ 
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[0 0 8 7] * ^-(DV^Mz^n^^mn 

[0 0 8 8] £0J:5fcttfct£*frTfc*sV>Ttt, 

[0 0 8 9] ■ #;vx> 

^(Porphyridium cruentum) IS. StilmlSW 
m 0~2 0U(NBT)(IP*>> 5X1 0 e -20X1 0 6 U 
/m ! ) ODSODt, lkg3l3 5-7^7A©S|^ffl 

yfJX ' ~f)V\i T UX(Haematococcus pluvialis) \tWi 

[0 0 9 0] a2teLftgflt JEfc, fflP»«6 0 
fcKW-fc*MBIMf 6 8 H0Df)«SMSfctt#7 0 

3. £©«7 2te. ttttflrfBStttH-rs&a&fc. *«iJ" 

[0091] $imfcM<D£.m\z&£L^0imt. 
OBtVTmmit-tzztwzz. IIScd^m 

[0 0 9 2] /frft^ Uv^A • ^;PX>^A(Porphyr 
idium cruentum) C0^^#)ICOt,iTff25:ofe"9>"(C*3 

[0 0 9 3] 

5B1 : 25 U (NBT) /igiffim 1 (1. 0 g MS/iftife 
1 ) . SP^. 25,000 U/t&iffig 

1 0 B B : 31 U (NBT) /mMm 1 (1. 3 g MS/SiS 
1 ) . BP'S, 24,000 u/^ag 

1 7 B B : 27 U (NBT) /igiffim 1 (1. 8 g MS/Jgifi 
1) . IPS, 15.000 U/*SF:Jffig 

2 6 B B : 3 U (NBT) /igiffim 1 (2. 0 g MS/igAfi 
1) . W6, 1.500 U/igflfig 

±KMfcJ:ft«, tft*fl:«lo«fc*:©*j«tt5>oi HB 

[0 0 9 4] ii«iLT^h3y*7 • ^h'TU 
X(Haematococcus pluvialis) Srfflt^fc^MC&UTt) 

CD h 3 7 xD-;HS§Ilbfe. 
[0 0 9 5] 

2 BB : 4.500 wm<DTJl7T • h37iD-Jk 

660 ppm©^>v • hn7iD-JP 

2 0 BB : 80 ppm<DT)lyr ■ hn7iD-;k 
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i2 

130 wm<Dfl>-? • h37xP-Jl/ 

a*#IttB^filBJ^frT-c?, BPS. S 

]««3K©»iSfciassfcBHrr*. for, -ensiism 

[0 0 9 6] 0 3©y^:7«, *J8l:SfiL-&CO!t 

it? *U *-^B[i02dJEE*S*-fo *-^CB-0M 
©AKix*;^ (ES) £*U Mtt+DS?!-^/ 

[0097] tnems-^s, mMim<nm&o$L 
tss. fox, iawtaooiinittccDWiwcffs. 

[0 0 9 8] ISS&S©«ii, ftoTfa»fc30©3ilG£«, 

*©-5%. H2©iJ7?5'-OlM*tll-©feO 
[0 0 9 9] rC5*A'-1 , ^'J7i'^-tt. 02©»^<h 

3W^-3 4OAPttBPSlIt«if4 0 
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